Objective: To evaluate serum total and lipid bound sialic acid (TSA&LBSA) levels in patients with polycystic ovary syndrome (PCOS).
Introduction
Polycystic ovary syndrome (PCOS) is a common endocrine disease in women during the reproductive ages (l). Patients with PCOS are in the high risk group for coronary heart disease because of their abnormal lipid profile, insulin resistance and obesity (2) . Additionally, it was shown that PCOS causes significant risks for diabetes mellitus (DM) in patients early in their life. All these findings show that there is an increase in prevelance of cardiovascular disease (CVD) and DM in PCOS with time (3) . Sialic acids (SA) are acillated neuraminic acids found in glycoproteins and glycolipids of cell membrane and in other parts of the cell (4) . SA has many biological functions: it provides additional electronegativity to the cell, is a main compound of many receptors on cell surface and affects the macromolecular structure of glucoconjugates and prevents their degradation (5) . The elevation in serum SA concentrations was demonstrated in coronary heart disease and myocardial infarction (6) . Despite the observed relationship between SA and cardiovascular disease, the reasons for this are not clear. Additionally, serum total and lipid bound SA were found to be elevated in DM and total sialic acid levels were shown to be related with some diabetic complications (7) . Sialic acids in the human body are mainly found in the terminal oligosaccharide of glycoprotein structured acute phase reactants which are
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Özet fibrinogen, C-reactive protein, haptoglobulin, α-1 antitripsin, ceruloplasmin, transferrin and complement. Because some of these sializated glycoproteins are acute phase reactants, their concentrations increase rapidly at the beginning of inflammatory reactions (8, 9) . Since PCOS is related to DM and cardiovascular diseases and TSA and LBSA were found to be elevated in these two common disorders, we planned to evaluate the serum TSA and LBSA levels in patients with PCOS and healthy controls. Age, weight, height and waist/hip ratio (WHR) of the subjects were noted and body mass indices (BMI) were calculated according to the body weight (kg) / height (m²) formula. Pelvic transabdominal or transvaginal ultrasonography was performed for each subject.
Material and Methods

Laboratory Measurements
Blood samples were taken from all subjects between 08:00-09:00 A.M. after 12 hours of fasting on the third day of the menstrual cycle for sialic acid and routine hormonal measurements Follicle stimulating hormone (FSH), lutenizing hormone (LH), estradiol (E 2 ), thyroid stimulating hormone (TSH), prolactin (PRL), dehydroepiandrosterone sulphate (DHEAS), androstenedione, free testosterone (free T), testosterone (T), 17-OH progesterone, sex hormone binding globulin (SHBG), cortisol, total cholesterol, triglyceride, high density lipoprotein (HDL) and low density lipoprotein (LDL) levels were measured for each subject. Blood samples for TSA and LBSA were centrifuged at 4°C and 1.600 r/m for 15 minutes. Serum obtained after this procedure was kept at -20°C for the analysis of total and lipid bound sialic acid levels. TSA and LBSA levels were measured by using methods previously defined by Katopodis et al. (11) and Plucinsky et al. (12) . After 12 hours fasting, 75 gr OGTT was performed for all subjects. Fasting blood glucose and insulin levels were measured, and then blood glucose level was measured again at the second hour after ingestion of 75 g of glucose solution. Additionally, fasting glucose/fasting insulin ratio was calculated. Insulin resistance was calculated according to the HOMA (Homeostasis Model Assessment) method (Formula=Fasting blood glucose level (mg/dl)XFasting insulin level (µIU/ml)/405). FSH, LH, E 2 , TSH, PRL, DHEAS, total T and insulin levels were measured with the electrochemilluminescence immunoassay method in the Roche Hitachi E 170 Modular device (Roche Diagnostic, Germany) by using Elecsys 1010/1020 kits. SHBG, free T, androstenedione, 17 OH progesterone levels were measured with the ELISA method in µQuant trade mark Spectrophotometric device (Biotek Instruments Inc., USA) using EIA kits (DSL, Diagnostic System Laboratories Inc., USA). Triglyceride, HDL, LDL, total cholesterol and glucose levels were measured with the colorimetric method in the Roche Hitachi Modular P800 autoanalyzer device by using Roche mark kits (Roche Diagnostic, Germany).
Statistical Analysis
Statistical analysis was performed using the Statistical Package for Social Science (SPSS) 11.5 (Inc., Chicago, Illinois, USA) programme. The Shapiro-Wilk statistics was used to test variables for normal distribution. Differences between the means were analyzed by Student's t-test and Mann-Whitney U-test according to the distribution of data. Data were represented as mean±standard deviation (SD). Pearson correlation coefficients were calculated for continuous variables with normal distribution, and Spearman rank correlation coefficients were calculated for non-normally distributed continuous variables. Partial correlation coefficients were calculated for the abovementioned parameters, using BMI as a covariate. Power calculation in TSA and LBSA parameters were performed using the Number Cruncher Statistical System-Power Analysis and Sample Size (NCSS-PASS 2005) (Inc., Kaysville, Utah, USA). In all examinations, a p-value of <0.05 was considered statistically significant.
Results
Demographic characteristics and mean serum hormone, insulin, glucose and lipid measurements of the groups are shown Table 1 . There were no statistically significant differences between patients with PCOS and the control group in respect to age, FSH, TSH, PRL, androstenedione, total T, 17 OH progesterone, cortisol, fasting glucose, second hour glucose and total cholesterol levels. BMI, WHR, LH, E 2 , free T, fasting insulin, HOMA-IR, tryglyceride and LDL levels were significantly higher in patients with PCOS, whereas SHBG, DHEAS, fasting glucose/ fasting insulin ratio and HDL levels were significantly lower (Table 1) . Power rate was 53% for TSA and 88% for LBSA. Mean TSA levels were 61.02±7.89 mg/dl in patients with PCOS and 57.94±5.53 mg/dl in the control group (p=0.052). LBSA levels were significantly higher in patients with PCOS (25.23±7.65mg /dl) compared to controls (20.41±5.25 mg /dl) (p=0.003) (Figure 1 ). In the PCOS group, serum TSA was found to be positively correlated with androstenodione (r=0.338, p=0.032) ( Table 2) and HOMA-IR (r=0.558, p=0.001) ( Table 3 ). There was also a significant correlation between serum LBSA and DHEAS (r=0.508, p=0.001) in patients with PCOS (Table 3) . After adjusting for BMI, no correlations appeared between serum TSA and LBSA levels and the other parameters, except for the significant positive correlation between serum LBSA and FSH (r=0.335, p=0.037).
Discussion
Polycystic ovary syndrome is a common endocrine disease in women in the reproductive ages, and many studies about its etiology, metabolic effects and future risks are still underway. We found that serum LBSA levels were higher in patients with PCOS, while serum TSA levels did not differ. Serum TSA levels have been reported to be a risk factor for cardiovascular and cerebrovascular disease (13) . Higher serum SA levels have also been detected in diabetes mellitus, in either type (14) . Recent reports in the literature regarding TSA and LBSA levels thousand subjects that TSA levels were similar between ages 25 and 44 years but afterwards progressively increased up to 74 years of age (13) . Similarly, Crook et al. (14) stated that, in healthy cases, TSA levels in the elderly population were higher than those in the younger subjects, and this was explained by atherosclerosis which increased with age and thus TSA was a risk factor for cardiovascular disease. Pönniö et al., (18) showed that serum TSA levels did not increase with age in men, but in women levels increased with age, especially during the menopausal years. In this study it was also shown that serum TSA levels increased in correlation with BMI, systolic and diastolic pressure in healthy male and female subjects. Additionally, after adjustment for age and BMI, the correlation with blood pressure remained. In a small healthy popu- lation, Crook et al. (19) found, that the correlation between serum TSA and blood presure was only present in women. High blood pressure is an important cardiovascular risk factor. As the correlation between blood pressure and serum TSA was shown, the role of TSA in predicting cardiovascular mortality could be explained (13, 20) . Additionally, serum TSA levels also represented other cardiovascular risk factors such as acute phase reactants which contain sialic acid (21) . Thus, serum TSA levels and the risk of coronary artery disease were found to be elevated during the menopause (22) . Diabetic patients, whether type I or II, have been reported to have elevated serum TSA levels in previous studies (23) . Many studies have also revealed a direct correlation between serum TSA levels and coronary heart disease in type II DM (24) . The coexistence of type II DM and cardiovascular disease may propose a possible insulin resistance or hiperinsulinemia association. Flynn et al. (25) reported that insulin resistance increased serum TSA levels. While we did not find any difference in TSA levels between patients with PCOS and the controls, a significant positive correlation was found between TSA and HOMA-IR in our study. This correlation disappeared after controlling for BMI. Total SA was found to be elevated in atherosclerotic vascular inflammation (13, 26, 27 Power analysis for TSA revealed a power rate of 53% in our study. This power rate was lower than expected and, when studies with a larger number of patients and higher power values are performed, the significance of TSA levels in PCOS may be better understood. Power analysis for LBSA revealed a power rate of 88% in our study and this was a sufficient rate. We found that LBSA levels were significantly elevated in the PCOS group compared to the controls. It was found in many studies that acute phase reactants increased in patients with PCOS (29) . The increase in lipid bound SA in patients with PCOS in our study may correlate with the increase in acute phase reactants in PCOS, but we did not study these parameters. After adjustment for BMI, no correlation was observed between serum LBSA and DHEAS in the PCOS group, whereas a significant correlation appeared between LBSA and FSH. We could not compare our results because we could not find similar data in the literature. Correlations in the PCOS group may be incidental and we think that this can be explained in further detailed studies, including a larger number of subjects. The weakness in our study is the statistical difference between PCOS and normoovulatory controls. Higher BMI levels in PCOS patients may have affected their results. Further studies between BMI matched groups may clarify the correlations.
In conclusion, we found that serum LBSA levels were higher in patients with PCOS, but more detailed studies are necessary to investigate serum TSA and LBSA levels as risk factors for CVD and DM, and their relations with other hormonal and biochemical parameters in patients with PCOS. 
